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ﳌﻨﺘﺞ ﺑﻮﺍﺳﻄﺔ ﺍ  ﻣﻦ ﺍﻫﻢ ﻋﺘﺮﺍﺕ ﺍﻻﺷﲑﺷﻴﺎ ﺍﻟﻘﻮﻟﻮﻧﻴﺔ ﺍﻟﱴ ﺗﻨﺘﺞ ﲰﻮﻣﺎ ﻣﺸﺎﺔ ﻟﺬﻟﻚ7H:751O    ﺗﻌﺘﱪ  
ﺗﺴﺒﺐ ﻫﺬﻩ ﺍﻟﻌﺘﺮﺓ ﺍﺳﻬﺎﻝ ﺩﻣﻮﻯ (. nixot ekil-agihs)ﺍﻟﺒﻜﺘﺮﻳﺎ ﻣﻦ ﺟﻨﺲ ﺍﻟﺸﻴﻘﻴﻼ 
 cimearu citylomeh)ﻭﻗﺪ ﻳﺘﻄﻮﺭ ﺍﳌﺮﺽ ﻟﻴﺼﻴﺐ ﺍﻟﻜﻠﻰ (  sitiloc cigahrromeh)ﺣﺎﺩ
ﻫﺪﻓﺖ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﺔ ﻟﻔﺤﺺ ﻣﻴﺎﻩ ﺍﻟﺸﺮﺏ ﰱ ﻣﺪﻳﻨﺔ ﺍﻣﺪﺭﻣﺎﻥ ﻋﻦ ﻭﺟﻮﺩ ﺍﻟﺘﻠﻮﺙ ﺍﻟﱪﺍﺯﻯ (. emordnys
  .ﺑﺼﻮﺭﺓ ﺧﺎﺻﺔ( 7H:751O)ﺓ ﺑﺼﻔﺔ ﻋﺎﻣﺔ ﻭﻋﺘﺮ
 ﻋﻴﺔ ﻣﻦ ﻣﻴﺎﻩ ﺍﻟﺸﺮﺏ ﻭﰎ ﻓﺤﺼﻬﺎ ﺑﻮﺍﺳﻄﺔ ﺍﺧﺘﺒﺎﺭ ﺍﻻﻧﺎﺑﻴﺐ ﺍﳌﺘﻌﺪﺩﺓ ﺍﳌﺘﺨﻤﺮﺓ ﻋﻦ ﺍﻟﺒﻜﺘﲑﻳﺎ 05ﰎ ﲨﻊ 
 tnarelotomreht)ﻭﺍﻟﺒﻜﺘﲑﻳﺎ ﺍﳌﻌﻮﻳﺔ ﺍﳌﻘﺎﻭﻣﺔ ﻟﻠﺤﺮﺍﺭﺓ (mrofiloc latot)ﺍﳌﻌﻮﻳﺔ ﺍﻟﻜﻠﻴﺔ 
ﺕ ﺑﻴﻨﻤﺎ ﻭﺟﺪﺕ ﺍﻟﺒﻜﺘﲑﻳﺎ ﺍﳌﻌﻮﻳﺔ ﻣﻦ ﺍﻟﻌﻴﻨﺎ% 66ﻭﺟﺪﺕ ﺍﻟﺒﻜﺘﲑﻳﺎ ﺍﳌﻌﻮﻳﺔ ﺍﻟﻜﻠﻴﺔ ﰱ (. mrofiloc
  .ﻣﻦ ﺍﻟﻌﻴﻨﺎﺕ % 64ﺍﳌﻘﺎﻭﻣﺔ ﻟﻠﺤﺮﺍﺭﺓ ﰱ 
 RCP ﻋﻴﻨﺔ ﻣﻦ ﺣﻨﺲ ﺍﻻﺷﲑﺷﻴﺎ ﺍﻟﻘﻮﻟﻮﻧﻴﺔ ﻭﻋﻨﺪ ﺗﻔﺮﻳﻘﻬﺎ ﺑﺎﺳﺘﻌﻤﺎﻝ ﻃﺮﻕ ﺍﻟﺰﺭﻉ ﻭﺑﻄﺮﻳﻘﺔ ﺍﻝ32ﰎ ﻋﺰﻝ 
ﺑﻮﺍﺳﻄﺔ ﻃﺮﻳﻘﺔ ﺍﻟﺰﺭﻉ ﰎ ﺍﻟﺘﻌﺮﻑ .7H:751O  ﻭﺫﻟﻚ ﻟﻠﺘﺤﻘﻖ ﻣﻦ ﺍﻟﻌﺘﺮﺓxtsﺍﳊﺪﻳﺜﺔ ﺑﺎﺳﺘﻌﻤﺎﻝ ﺑﺎﺩﺋﺔ ﺟﲔ
  %(.4.71)ﻋﻴﻨﺎﺕ4      ﰎ ﺍﻟﺘﻌﺮﻑ ﻋﻠﻰ RCP  ﺍﻣﺎ ﺑﺎﻝ7H:751Oﻛﺎ%( 6.8)ﻋﻠﻰ ﻋﻴﻨﺘﲔ 
  
  
  
  
  
  
   
  
Abstract  
  
  
 
                Strain O157:H7 is the most common shiga-like toxin-producing 
E.coli. It has been associated clinically with severe bloody diarrhea or 
hemorrhagic colitis, which can lead to hemolytic uraemic syndrome 
(HUS). This study was carried out to investigate the presence of 
coliforms especially E.coli O157:H7 in drinking water in Omdurman, 
Khartoum state. 
                Firstly fifty water samples were investigated by MPN technigue 
for total and thermotolerant coliforms at 37°C and 44.5°C respectively. 
Total coliforms were detected in 66% of samples while thermotolerant 
coliforms were detected in 46%of samples. 
                 Twenty three E.coli isolates (thermotolerant coliform) were 
investigated for the presence of E.coli O157:H7 using culture–based and 
PCR (with stx gene primers) techniques. Culture-based methods 
identified only 2 isolates (8.7%) as E.coli O157:H7 while PCR identified 
four isolates (17.4%).   
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INTRODUCTION 
 
Water is the basic requirement for all live activities. It is the 
essential component of cells and represents about 45%to 95% of a living 
cell. So drinking water must be safe and it is considered polluted if it 
contains toxic substance or pathogens (Black, 1999). 
Good quality water is oudourless, colourless, tasteless, and free 
from faecal pollution and chemicals in harmful amount (Cheesbrough, 
1994). Every day, 30.000 people die in developing countries due to lack 
of clean water. Black (1999) has estimated that up to 80% of all sickness 
and diseases in the world are caused by polluted water. Acute risk of 
health may occur due to the presence of viruses, bacteria and helminthes 
in drinking water. UNICEF reported that about 90% of major epidemics 
in the Sudan are water-borne and water-related, causing the death of 40% 
of children under five years of age (ELTayeb, 2002). Therefore, 
monitoring and assessment of drinking water is primary a health – based 
activity which emphasises the protection of public health through 
ensuring that the water supplied has a good quality.  
Different microbiological methods have been developed since the 
early 1900s to assess water quality with regard to public health. Most 
methods rely on enumerating coliforms and E. coli as indicators for fecal 
pollution.  
When water is contaminated with faecal material, any pathogen 
that leaves the body through the faeces, (many bacteria, viruses and some 
protozoa) can be present. The most common diseases that are transmitted 
by water are typhoid fever, salmonellosis, shigellosis, cholera, 
legionnaire’s diseases and gastroenterteritis which are induced by Vibrio 
parahaemolyticus, Escherichia coli, and Yersinia enterocolitica and 
campylobacter fetus. Also some viral and parasitic diseases may be 
transmitted like hepatitis, poliomyelitis, giardiasis and amoebic dysentery 
(Brendan, 1975; Black, 1999). 
Many pathogenic Escherichia coli (E.coli) strains are capable to 
cause human illness when are transmitted by drinking water. E.coli 
serotype 0157:H7 is one of these strains and represent a real public health 
hazard. The strain produces many potent toxins that cause severe damage 
of the intestinal lining. Illness caused by this strain is referred to as 
hemorrhagic colitis and characterized by severe crampy abdominal pain, 
watery diarrhea with little or no fever. 
Routine microbiological analysis of water is necessary once a 
water treatment system has been installed in order that problem in the 
treatment process can be anticipated (WHO, 1996). 
There are a large number of techniques that are used in 
bacteriological analysis of water such as standard plate count, membrane 
filter technique and multiple fermentation tube technique. The later two 
methods are the most common ones which are recommended by the 
WHO. However, culture based methods have several problems which 
include the detection of only life bacteria, lack of specificity for detection 
of free faecal coliform (E. coli) and in addition long time is required for 
detection and confirmation (Roszak and Colwell, 1987). Such problems 
can be avoided now using genetically based procedures. Polymerase 
chain reaction (PCR) has been used for the detection of the target 
nucleotide sequence associated with coliform bacteria or specifically with 
E. coli using specific primers (Schochetman and Jones, 1988). 
The present study was carried out to: 
1- Investigate drinking water for faecal pollution in Omdurman area. 
2- Differentiate E. coli strain O157:H7 among other isolates in drinking 
water by culture based methods and PCR. 
3- Assess the efficiency of convential methods versus PCR for the 
detection of E. coli strain 0157:H7. 
Chapter I  
Literature review  
 
1.1 Water: 
Clean hygienic water denotes that it is free of pollutants. Water is 
said to be polluted either due to the presence of harmful chemicals or 
bacterial contamination (WHO, 1976). 
Unhygienic water contributes to many animal and human hazards 
like microbiological ones (Bartram and wheeler, 1993). 
1.1.1 Drinking water quality: 
Surveillance of drinking water quality is a continuous and vigilant 
public health assessment and overview of the safety and acceptability of 
drinking water by world health organization (WHO, 1976). 
Water quality control devotes regular sampling and analyzing of 
water samples as well as recording of result obtained. However, it also 
involves assessing how good a method is and how well is operating in 
practice (WHO, 1976; WHO, 1984). 
1.1.2 Characters of safe water: 
Water is usually demanded to meet different needs such as 
drinking, agricultural and industrial activities. When it is polluted it well 
becomes not acceptable for these uses or for human consumption. So 
good quality water must fulfill the following requirements: 
- It must be acceptable with good taste, not turbid, colorless and with 
no smell. 
- Microbiologically safe: It should not contain any pathogenic bacteria, 
viruses, and fungi, protozoa, or helminthes eggs.  
- Chemically hygienic: Water content of toxic materials, organic or 
inorganic, must be zero or at a minimum. It should contain appropriate 
content of iodine, fluoride and harmless ions.  
- It must be safe radiologically (white and Godfree, 1985). 
1.2 Water pollution: 
Water is considered polluted if a substance or conditions which 
render the water useless for a particular purpose is present. Thus, the 
concept of water pollution is relative one, depending on both the nature 
of pollutants and the intended uses of the water. For example, human 
drinking water is considered polluted if it contains pathogen or toxic 
substance. Water which is too polluted for drinking may be safe for 
swimming; water which is too polluted for swimming may be acceptable 
for industrial uses, or generating electrical power.  
1.2.1 Types of water pollution: 
Pollution of water includes the following aspects: 
1.2.1.1 Physical pollution: 
Physical pollution occurs when a particulate matter such as sand or 
soil makes the water cloudy. Living material may also be involved such 
as cyanobcteria, which give water consistency of pea-soap (Al camo, 
1994). 
1.2.1.2 Chemical pollution: 
Chemical pollution results from the introduction of organic and 
inorganic waste to the water especially when water supplies are drawn 
from rivers that have received up stream effluent of industrial wastes. 
Although water is looked clear in some cases, chemical analysis may 
detect many contaminating substances (Black, 1999). 
1.2.1.3 Biological pollution:  
This type of pollution develops from microorganisms that enter 
water from human or animal wastes. The microorganisms find a good 
environment for growth such as water useful ions and organic matter 
which can be digested by heterotrophic microorganism and produce 
carbon dioxide, so the water is considered biologically polluted (Al camo, 
1994). 
 
1.3 Pathogens in water: 
Human pathogens in water supplies usually come from 
contamination of the water with human faeces. When water is 
contaminated with faecal material, any pathogen that leaves the body 
through the faeces (many bacteria and viruses and some protozoa and 
fungi) can be present (Williams, 1979).  
The most important pathogens that are transmitted in water and the 
diseases they cause are shown in table (1.1) 
Table (1.1): Most common water transmitted diseases (CAWST, 2005). 
 
Disease  
Symptoms  
Transmission  Morbidity/ 
mortality  
Diarrhoeal 
diseases 
Liquid stools, dehydration and 
malnutrition  
Caused by bacteria, viruses 
and/ or parasites in food or 
water  
One billion infected 
(2.2 – 5.0 million 
deaths/ year)  
Ascariasis Passage of live worm, 
intestinal blockage, cough, 
wheezing, difficulty breathing, 
fever and malnutrition  
Caused by large 
roundworm. Eggs of the 
worm found in soil 
contaminated by human 
faeces. When this soil gets 
on hands, food or in water, 
the eggs are then ingested. 
10% of population of 
developing world is 
infected with 
intestinal worms and 
large percentage is 
ascariasis 60.000 
deaths/ year (mainly 
children). 
Hook worm Mild diarrhea, cramps, 
anaemia, abdominal pain, loss 
of appetite, weight loss, 
malnutrition, itching and rash 
at site where skin touched soil. 
Larvae in soil penetrate 
skin (often through bare 
feet) or can be accidentally 
ingested through 
contaminated food. 
One billion infected. 
 
 
 
 
Schistosomiasis 
(bilharzias) 
Fever and pain in the lower 
abdomen, liver damage and 
death. 
Caused by blood flukes 
that live inside freshwater 
snail. After being released 
in the water flukes, they 
penetrate the skin of people 
who are swimming, 
wading, bathing or 
200 million infected, 
20 million suffer 
severe consequences 
and about 200.000 
deaths/ year. 
washing in contaminated 
water.  
Trachoma  Chronic conjunctives (pink 
eye) blindness. 
Spread by touch or flies, 
due to insufficient amounts 
of water for washing.  
150 million active 
cases (6 million 
blind). 
Cholera (Vibrio 
cholera) 
Painless watery diarrhoea, 
nausea and vomiting 
dehydration. 
Bacteria transmitted 
through ingestion of 
contaminated food or 
drinking water. 
140.000 cases, 5.000 
deaths (year 2000). 
Dengue Fever, headache, pain behind 
eyes muscle and joint pains 
rash. 
Mosquito borne viruses. 50 – 100 million 
cases. 
Hepatitis A & E Infection and inflammation of 
liver, fever, body weakness, 
loss of appetite, nausea 
abdominal discomfort 
jaundice. 
Viruses transmitted 
through water and food, 
blood. 
1.5 million Cases / y. 
mortality is about 
0.2% of icteric cases. 
Onchocerciasis  Intense itching and 
depigmentation of skin 
hanging groins and 
elephantiasis impairment 
blindness.  
Caused by parasitic worm 
transmitted through the bite 
of a black fly. 
207.000 blind. 
Typhoid and 
paratyphoid 
enteric fevers 
 
Fever, malaise, headache, 
anorexia, constipation or 
diarrhoea, rose coloured spots 
on chest, enlarged spleen and 
liver. 
Bacteria 
(Enterobacteriaceae) are 
transmitted through 
contaminated food or 
water. 
18 million affected 
(600.000 deaths\y). 
 
 
  
 
 
 
 
1.4 Water quality analysis: 
Although water can contain unwanted chemicals, the greatest risk 
to human health is from faecal contamination of water supplies. Serious 
ill health can be caused by water becoming contaminated from faeces 
being passed or washed into rivers and pools. The most important aspect 
of microbial analysis is therefore to determine whether faecal 
contamination is present (Cheesbrough, 1994). 
1.4.1 Indicators used for microbial analysis of water: 
For the microbiological analysis of water samples in relation to 
human health, it is necessary to determine principally the pathogenic 
organism. Detection of all possible pathogens would be a costly and very 
time consuming process. Methods have, therefore, been developed which 
detect organisms, which are indicative of the presence of faecal pollution, 
such as the normal intestinal bacteria. If evidence for faecal material is 
found in a water sample, it can be assumed that other dangerous faecal 
pathogens may be present. If no evidence is found it is likely, although 
not totally certain, that the water is safe for human use. 
1.4.1.1 The coliform group: 
Colifroms are the main indicators of faecal pollution. They have 
long been recognised as suitable microbial indicators of drinking – water 
quality, largely because they are easy to detect in water. 
The term coliforms refer to Gram–negative, rod–shaped bacteria 
that are able to ferment lactose with production of acid, gas and aldehyde 
within 24 – 48 hours. They are also oxidase negative and non-spore 
forming. By definition, coliform bacteria display B-galactose activity. 
Traditionally, coliform bacteria were regarded as belonging to the 
genera Escherichia coli, Citrobacter, Enterobacter and Klebsiella. 
However, as defined by modern taxonomical methods, the group is 
heterogenous. It includes lactose–fermenting bacteria, such as 
Enterobacterr and Citrobacter ferundi that can be found both in faeces 
and environment (nutrient – rich water, soil, decaying plant material). 
Due to these facts, coliforms used as indicators of faecal pollution in 
water, are classified into total coliform and thermotolerant coliform.  
The term “total coliforms” refers to a large group of Gram-
negative, rod-shaped bacteria that share several ccharacteristics. The 
group includes thermotolerant coliforms and bacteria of faecal origin, as 
well as some bacteria that may be isolated from environmental sources. 
Thus the presence of total coliforms may or may not indicate faecal 
contamination. In extreme cases, a high count for the total coliform 
group may be associated with a low, or even zero, count for 
thermotolerant coliforms. Such a result would not necessarily indicate 
the presence of faecal contamination. It might be caused by entry of soil 
or organic matter into the water or by conditions suitable for the growth 
of other types of coliform. In the laboratory total coliforms are grown in 
or on a medium containing lactose, at a temperature of 35 or 37 °C. They 
are provisionally identified by the production of acid and gas from the 
fermentation of lactose. 
The term “Thermo tolerant coliform” has been used in water 
microbiology to denote coliform organisms, which grow at 44 or 44.5 C 
and ferment lactose to produce acid and gas. In practice, some organisms 
with these characteristics may not be of faecal origin and the term 
“thermotolerant coliform” is, therefore, more correct and is becoming 
more commonly used. Nevertheless, the presence of thermotolerant 
coliforms nearly always indicates faecal contamination. Usually, more 
than 95 per cent of thermotolerant coliforms isolated from water are the 
gut organism Escherichia coli, the presence of which is definitive proof 
of faecal contamination. As a result, it is often unnecessary to undertake 
further testing to confirm the specific presence of E. coli. 
In addition the presence of this organism itself may represent 
public hazard especially certain strain e.g. strain O157:H7 (Brook, 1991) 
1.4.1.2 Non coliform bacteria:- 
(I) Fecal Streptococci: 
The presence of them is an evidence of faecal contamination. They 
are tend to persist longer in the environment than thermotolerant or total 
coliforms and are highly resistant to drying (Bartram and Pedley, 1999). 
(II) Clostridium perfringens: 
Clostridial spores are also able to survive in water longer than 
coliform organism and resist disinfection. Detection of these bacteria may 
give strong evidence that the investigated water is contaminated with 
feces (Friedrich, et al, 1992). 
1.4.2 Importance of coliform as faecal indicators: 
The coliforms are suitable as indicators because they are common 
inhabitant of the intestinal tract of both human and animal and grow easy 
in/on simple media in the laboratory. When excreted into the water 
environment, these organisms eventually die, but they do not die at any 
faster rate than pathogenic bacteria such as Salmonella and Shigella 
which are difficult to grow in the laboratory. Therefore, detection of 
coliforms indicates the possible presence of these highly pathogenic 
bacteria (Brock, et al, 1994). 
The presence of Escherichia coli since it is considered the principal 
fecal coliform is not indigenous to water supplies and assessing its 
survival in aquatic environments is important, especially with regard to 
interpretation of water quality data (cited by Fish and Pettibone, 1995). 
1.5 Methods used for detection of faecal pollution in water: 
1.5.1 Standard plate count (SPC): 
SPC have not been suggested for water because water with a few 
pathogenic bacteria is obviously more dangerous than water containing 
many saprophytic bacteria (Pelczar, et al, 1977). 
Samples of water are diluted in sterile buffer solution and carefully 
measured amounts are pipetted into Petri dishes. Agar medium is added 
and allowed to set, and then plates are incubated at 370C overnight. The 
total number of bacteria per ml of the original sample is calculated by 
multiplying the average count of the colonies by the reciprocal of dilution 
(A Icamo, 1994). 
1.5.2 Membrane filter technique (MF): 
The membrane filtration (M F) is an approved method to detect 
total fecal coliform numbers in water samples. This technique is used in 
association with several different media and two different incubation 
temperatures. Water in volumes that range from 0.0001 – 100 ml, 
depending on the source, is passed through a sterile membrane filter. The 
filter is then placed onto a sterile absorbent pad saturated with the 
enrichment medium (lauryl tryptose broth) (Standard methods, 1998). 
If an agar – based medium (e.g. LES Endo agar) is used, the filter 
is separated from the pad and “rolled” on the agar surface. If a liquid 
media (e.g. M – Endo medium) is used, the filter is transferred to a new 
absorbent pad saturated with the liquid medium. The membrane agar 
plates are then inverted and incubated for 22 to 24 hours at 370C for total 
coliform or at 440C for thermotolerant coliforms. Pink to dark red 
colonies with metallic sheen are enumerated by direct counts. The 
combined MF procedure, which test for total coliform or thermotolerant 
coliform, may require 28 to 72 hours to complete (Standard method, 
1998). 
1.5.3 Multiple fermentation tube technique (most probable number 
MPN): 
It is a serial tube test for the detection of faecal coliforms. The 
method requires 72 hours to complete and is based upon gas production 
by coliforms from the utilization of lactose. It is a stastical approach to 
enumerate bacteria using selective and differential broth media along 
with a series of confirmatory tests. The MPN technique consists of 
presumptive, confirmed and completed tests. The presumptive test 
demonstrates gas production through the use of Lauryl tryptose broth or 
macConkey broth after 48 hours of incubation. The number of positive 
tubes at each inoculation volume is applied to an MPN table to estimate 
the number of organisms in 100 ml sample. Samples from positive tubes 
are then transferred to tubes of brilliant green lactose bile broth to 
confirm the presence of total coliform through gas production 
(confirmation test). This formulation is designed to inhibit the growth of 
non–coliforms. Following 48 hours incubation, samples demonstrating 
gas production are then tested for indol (only thermotolerant coliforms = 
E coli is positive for the test). Eosin methylene blue (EMB) agar can be 
used in the completed test (A standard method, 1998). 
 
 
1.5.4 Colilert methods: 
These are new rapid methods that are developed by IDEXX 
laboratories, (Westborn, Miami, USA) Colilert methods detect 
simultaneously coliform and E. coli in water, within 24 hours for colilert 
and with 18 hours for colilert–18 (Eckner, 1998).The test medium 
contains defined substrates whereby the presence of microorganisms 
processing a particular enzyme may be detected. Each enzyme is able to 
metabolize specific substrate (Eckner, 1998). 
These methods have centred on the enzymatic hydrolysis of the 
substrate with galactosidase and β-D- glucuronidase (Benner et al, 1993). 
These assays were predicted on the subposition that β-D- galactosidase 
and β-D- glucuronidase enzymatic activities indicate the presence of total 
coliforms and E. coli. 
1.5.5 Gas–liquid chromatography: 
It is used for the analysis of volatile and non-volatile fatty acids 
that are produced by bacteria. There are also approaches, which use gas – 
liquid chromatography profiles of cellular fatty acids to identify various 
species (Wang et al, 1996). 
1.5.6 Monoclonal and polyclonal antibodies: 
Antibodies possess highly specific binding and recognition domain 
that target specific surface of pathogen (antigen).Immunological methods 
using antibodies are widely used to detect pathogens in clinical, 
agricultural and environmental samples (Hubner et al, 1992). 
Another option for detection of viable indicators in water is the 
combination of immuno fluorescence with respiratory activity compound. 
This approach has been described for the detection of E. coli 0157: H, S. 
typhimurium and K. pneumoniae in water (Pyle et al., 1995). 
1.5.7 Nucleic acid–based methods: 
1.5.7.1 Polymerase chain reaction (PCR): 
PCR technology is a widely used method in research laboratories. 
The technology relies on the ability of DNA–copying enzymes to remain 
stable at high temperatures for the amplification of target DNA. The 
method has been applied to detect a wide range of microorganisms. There 
is a considerable interest in the application of PCR technology for the 
detection of bacteria in water in particular, Escherichia coli and coliform 
group which are used to indicate fecal contamination and lack of system 
integrity (cited by Fricker 1999). 
The PCR technique has been extensively used to detect stx genes 
either in stx-only technique or in multiplex PCR techniques incorporating 
primers eae or flic. Numerous primers and PCR protocols have been 
designed to amplify these genes (Gannon et al., 1997). PCR is generally 
considered to be the most sensitive means of determining whether a fecal 
specimen or food sample or environment sample contain E. coli O157:H7 
(Paton and Paton, 1998). 
A 3-4 kb fragment probe empirically derived from large plasmid of 
E. coli O157:H7 has been extensively used. The probes identify and 
characterize EHEC strains despite the unknown function of the sequences 
contained on this fragment. This fragment was contain the eh xA {hlyA} 
genes encoding the EHEC hemolysin (Schmidt et al., 1995; Meng et al., 
1998). 
 
 
1.5.7.2Fluorescence in situ hybridization (FISH): 
This detection method uses gene probes with fluorescent marker, 
typically targeting the 16s ribosomal RNA (16s rRNA) (Amann, et al, 
1995).Concentrated and fixed cells are permeabilised and mixed with the 
probe. Incubation temperature and addition of chemicals can influence 
the stringency of the match between the gene probe and the target 
sequence. A number of FISH methods for detection of coliforms and 
enterococci have been developed (Meir et al., 1997; Fuchs et al., 1998). 
Steinert et al. (1997) reported that FISH detection based methods might 
be better and indicate the presence of infective pathogen and viable 
bacterial indicators. 
1.6 Escherichia coli: 
Escherichia coli is an important member of the family: 
Enterobacteriaceae. It grows at 37°C – 45°C on complex media, ferment 
lactose and manitol with the production of acid and gas, and produces 
indol from tryptophan (Alcamo, 1994). 
The gastro intestinal tract GIT of most worm-blooded animal is 
colonised by E. coli within hours or a few days after birth. The bacterium 
is ingested in foods, water or obtained directly from other individuals 
who handle the infant. The human bowel is usually colonised within 40 
hours of birth. E.coli can adhere to the mucus overlying the large 
intestine. Once established, an E. coli strain may persist for months or 
years. Resident strains shift over a long period (weeks to months), and 
more rapidly after enteric infection or antimicrobial chemotherapy that 
perturbs the normal flora. The basis for these shift and the ecology of 
Escherichia coli in the intestine of humans are poorly understood despite 
the vast amount of information on almost every other aspect of the 
organisms exist. 
Physiologically, E. coli is versatile and well adapted to its 
characteristic habitats. It can grow in the presence or absence of O2 and 
respond to environmental signals such chemicals, pH, temperature, 
osmolarity, etc. (Todar, 2002). 
1.6.1 Pathogenesis of E. coli: 
Over seven hundred antigenic types (serotypes) are recognised 
based on O, H and K antigens. However, small number of strains can 
actually cause disease. 
 E.coli is responsible for three types of infection in human; urinary 
tract infection (UTI), neonatal meningitis and intestinal diseases 
(gastroenteritis). These three diseases depend on a specific array of 
pathogenic (virulence) determinants: 
- Adhesins: they include colony fimbrial adhesins (CFA), type 1 
fimbiae, P fimbriae, S fimbriae and intimin (non fimbrial adhesion). 
- Invasins: they include hemolysins, siderophores and sidrophore 
uptake system and shigella-like invansin. 
- Motility chemotaxis: It includes flagella. 
- Toxins: they include heat-labile (LT) toxin, heat-stable(S T) toxin, 
shiga–like toxin, cytotoxins and endotoxins (Lipopoly saccharide = L 
PS). 
- Antiphagocytic surface properties: they include capsules, capsular (K) 
antigens and LPS. 
- Defence against serum bactericidal reactions: they include LPS and K 
antigens. 
- Defense against immuno responses: It includes capsules, K antigens, 
LPS and antigen variation. 
- Genetic attributes: they include genetic exchange by transduction and 
conjunction, transmissible plasmids, R factors and drug resistance 
plasmids and toxin and other virulence plasmids (Todar, 2002). 
1.6.1.1 Urinary tract infections:- 
Uropathogenic E. coli causes 90% of the urinary tract infections 
(UTI) in anatomically – normal, unobstructed urinary tracts. The bacteria 
colonize from feces or perineal region and ascend the urinary tract to the 
bladder. Bladder infections are 14 – times more common in females than 
males by virtue of shortened urethra. The typical patient with 
uncomplicated systitis is sexually – active female who was first colonised 
in the intestine with uropathogenic E. coli strain. The organism is 
propelled into bladder from the periurethral region during sexual 
intercourse. With the aid of specific adhesions they are able to colonise 
the bladder (Todar, 2002). 
1.6.1.2 Neonatal meningitis: - 
Neonatal meningitis affects one per two- to four-thousand infants. 
Eighty percent of E. coli strains involved synthesize K–1 capsular 
antigen. These K–1 strains represent 20 – 40% of the intestinal isolates. 
E.coli strains invade the blood stream of infants from the 
nasophrynx or GIT and are carried to meninges. The K–1 antigen is 
considered the major determinant of virulence among strains of E. coli 
that cause neonatal meningitis. K–1 is a homo polymer of sialic acid; it 
inhibits phagocytosis, complement and responses from the host’s 
immunological mechanism. K–1 may not be the only determinant of 
virulence; however, as siderphore production and endotoxin are also 
likely to be involved. 
Epidemiologic studies have shown that pregnancy is associated 
with increased rates of colonisation by K – 1 strain and that these strains 
become involved in the newborn probably. The infant GIT is the portal of 
entry into the blood stream. Fortunately, although colonisation is fairly 
common, invasion and castastrophic sequelae are rare. 
Neonatal meningitis requires antibiotic therapy that usually 
includes ampicillin and a third – generation cephalosporin (Todar, 2002). 
1.6.1.3 Intestinal diseases: - 
As pathogen, E. coli is best known for its ability to cause intestinal 
diseases. Five classes (serotypes) of E. coli that cause diarrhoeal diseases 
are now recognised. Each class is classified within a serological group 
and manifests distinct feature in pathogenesis (Donnerberg and Whittam, 
2001; Todar, 2002). 
(a) Entero toxigenic E. coli (ETEC): 
ETEC are an important cause of diarrhoea in infants and travellers 
in under developed countries or regions of poor sanitation. The diseases 
vary from minor discomfort to severe cholera – like syndrome. ETEC are 
acquired by ingestion of contaminated food and water. The disease 
requires colonisation and elaboration of one or more enterotoxins. Both 
traits are plasmid encoded. Adult in endemic area evidently develop 
immunity. 
ETEC adhesins are fimbriae that are species – specific. For 
example the K – 88 fimbrial antigen is found on strain from piglets, K – 
99 Ag is found on strain from calves and lambs; CFA I and CFA II are 
found on strains from humans. These fimbriae adhere to specific 
receptors on enterocytes of the proximal small intestine. 
Enterotoxins produced by E.coli include the heat-labile (LT) and/or 
the heat-stable (ST) toxins. The LT toxin is very similar to cholera toxin 
in both structure and mode of action. 
The ST toxin is actually a family of toxins that are peptides of 
molecular weight about 2.000 Daltons. Their small size explains why 
they are not inactived by heat. 
Symptoms of ETEC infections include diarrhea without fever. The 
bacteria colonize the GIT by means of fimbrial adhesion, e.g CFAI and 
CFAII and non invasive (Donnerberg and Whittam, 2001; Todar, 2002). 
(b) Enteroinvasire E. coli (EIEC): 
EIEC closely resemble Shigella in their pathogenic mechanisms 
and the kind of clinical illness they produce. EIEC penetrate and multiply 
within epithelial cells of the colon causing widespread cell destruction. 
The clinical syndrome is identical to Shigella dysentery and includes 
adysentery – like diarrhoea with fever. EIEC are invasive organisms, they 
do not produce LT or ST toxin and, unlike Shigella, they do not produce 
the shiga toxin (Donnerberg and Whittam, 2001; Todar, 2002). 
(c) Enteropathogenic E. coli (EPEC): 
EPEC induce watery diarrhoea similar to ETEC, but they do not 
possess the same colonisation factors and do not produce ST or LT 
toxins. They produce a non – fimbrial adhesion designated intimin, an 
outer membrane protein, which mediates the final stages of adherence. 
Although they do not produce ST or LT toxins, there are reports that they 
produce an enterotoxin similar to that of Shigella. Other virulence factors 
may be related to those in Shigella. Adherence of EPEC strains to the 
intestinal mucosa is very complicated process and produce dramatic 
effects in ultra structure of the cell resulting in rearrangements of action 
in vicinity of adherent bacteria. The phenomenon is sometimes called 
attaching and effacing cells. EPEC strains are moderately – invasive, they 
cause an inflammatory response. The diarrhoea and other symptoms of 
EPEC infections probably are caused by bacteria invasion of host cells 
and interfere with normal cellular signal transduction rather than by 
production of toxins. 
Some types EPEC are referred to as Entero adherent E. coli 
(EAEC), based on specific patterns of adherence. They are an important 
cause of traveller’s diarrhoea in Mexico and in North Africa (Donnerberg 
and Whittam, 2001; Todar, 2002). 
(d) Entero aggregative E. coli (EaggEC): 
The distinguishing feature of EaggEC strains is their ability to 
attach to tissue culture cells in an aggregative manner. These strains are 
associated with persistent diarrhoea in young children. They resemble 
ETEC strains in that the bacteria adhere to the intestinal mucosa and 
cause non – bloody diarrhoea without invading or causing of 
inflammation. This suggests that the organisms produce a toxin of some 
sort. Recently, a distinctive heat – labile plasmid encoded toxin has been 
isolated from these strains, called the Entero aggregative ST toxin 
(EAST). They also produce a hemolysin related to the hemolysin 
produced by E. coli strains involved in urinary tract infections. The role 
of the toxin and the hemolysin in virulence has not been proven. The 
significance of EaggEC strains in human disease is controversial 
(Donnerberg and Whittam, 2001; Todar, 2002). 
(e) Enterohemorrhagic E. coli (EHEC):   
EHEC are presented by single strain (serotype 0157:H7), which 
cause a diarrhoeal syndrome distinct from EIEC (and Shigella) in that 
there is copious bloody discharge and no fever. A frequent life – threating 
situation is its toxin effect on the kidneys (haemolytic uremia). EHEC is 
moderately invasive, and do not invade mucosal cell, but EHEC strain 
produce a toxin identical to the shiga toxin. The toxin is phage encoded 
and its production is enhanced by iron deficiency (Donnerberg and 
Whittam, 2001; Todar, 2002). 
1.7 E scherichia coli O157:H7: 
1.7.1 Taxonomy:   
E.coli serotype O157:H7, which belong to enterohaemorrhagic 
group (EHEC), is a rare variety of E. coli that produces large quantities of 
one or more related potent toxins that causes sever damage to the 
epithelial lining of the intestine (Fegan and Desmarchelier, 1999). 
The recognition of EHEC as a pathogenic E. coli resulted from two 
key epidemiologic observations. The first was reported by Riley et al. 
(1983), who investigated two outbreaks of distinctive gastrointestinal 
illness characterized by severe cramp abdominal pain, watery diarrhea 
followed by grossly bloody diarrhea, and little or no fever. The second, 
was associated with the ingestion of undercooked hamburgers at a fast-
food restaurant chain and the illness was referred to as hemorrhagic 
colitis (HC) (Riley et al., 1983; Rasmussen and Casey, 2001; Fegan and 
Desmarchelier, 2002). 
1.7.2 Organism: 
E.coli O157:H7 is a gram negative bacillus. The "O" refers to the 
somatic antigens and the "H" refers to the flagella antigen. The somatic 
antigens or "O" antigens of gram-negative bacteria are component of 
lipopolysaccharide (LPS). The H antigen or flagella are filamentous 
protein structures attached to the bacterial cell that provide bacterial 
swimming. The majority of E. coli O175:H7 strain can be distinguished 
from most E. coli by their inability to ferment sorbitol rapidly and by 
their lack of production of glucuronidase (Doyle and Schoeni, 1984; 
Heyes et al., 1995). The attempts to subtype E. coli strain have 
demonstrated the heterogeneity which is consistent with the emergence 
and spread of new, clonally derived pathogens (Donnenberg and 
Whittam, 2001). 
1.7.3 Epidemiology: 
Both outbreaks and sporadic cases of E. coli O157:H7 infections 
have occurred in United States, Canada, Western Europe, Australia, 
Japan, Central and South America, the Middle and Far East, as well as 
Africa (Besser et al., 1999, Peacock et al., 2001). 
E. coli O157:H7 can be transmitted by food and water. Most cases 
are caused by ingestion of contaminated food, particularly food of bovine 
origin. In the United States, ingestion of undercooked hamburgers, 
prepared in a restaurant or in the home, has been particularly important 
cause of outbreaks. The large outbreak so far reported in North America 
involved hamburgers from a fast-food restaurant. Contamination of the 
hamburgers implicated in these outbreaks was the result in part of modern 
food processing technology. Beef from thousands of cattle raised on 
hundreds of farms is ground together in a single hamburger plant, which 
then distributed frozen patties to thousands of restaurants in several states 
other food like alad, vegetables, fruits, alfalfa and radih sprout, 
unpasteurized apple cider, mayonnaise, yogurt and salami havealso been 
implicated in recent major outbreaks (Kudva et al., 1998).  
E.coli O157:H7 may persist for long periods of time in manure 
(56-130 days) or even for 21 months. Survival of this microbe in soil was 
greatest (130 days) on soil cores containing rooted grass (Pell, 1997;            
Cornick et al., 2000). The prevalence of E. coli O157:H7 increases during 
the summer and early fall months. Conversely, at other times of the year 
this microbe is present at very low levels and in many cases its 
prevalence in cattle declines to zero during winter months. Human 
outbreaks of E. coli O157:H7 have also shown seasonality. It was found 
that 88% of infections occurred in the months of summer and early 
autumn (Maule, 2000). 
The major hosts for E. coli O157:H7 are human and cattle. Direct 
links between E. coli O157:H7 in cattle and human infections have been 
confirmed by bacterial isolation and by the presence of serum antibodies 
against E. coli O157:H7 and shiga-toxin (stx) antigens in diary farm 
families and their cattle (Rasmussen and Casey, 2001). Cattle are 
believed to be a major conduit for the passage of E. coli O157:H7 into the 
food supply, but other animals also shed this microorganism in their feces 
(Fegan and Desmarchelier, 1999). 
One of the most important factors influencing E. coli O157:H7 
infections are the low infections dose, estimated between 20 and 700 
organisms in one study and less than 100 organisms in another (Tuttle et 
al, 1999). Infection by E. coli O157:H7 is most commonly caused by 
consumption of under cooked, contaminated ground beef or beef product, 
also caused by contaminated drinking or recreational water, raw milk, and 
person-to-person contact (Beutin et al, 1993; Oldfield, 2001).  
1.7.4 Disease: 
1.7.4.1 Pathogenesis Mechanism: 
Among the most important virulence characteristics of E.coli 
O157:H7 is its ability to produce one or more Shigatoxins (also called 
verocytotoxins and formerly known as shiga-like toxins). The first of 
these, shiga toxin 1 which is indistinguishable from shiga-toxin produced 
by Shigella dysenteriae type 1. Most E. coli O157:H7 strains produce 
also shiga-toxin 2 (Slutsker et al., 1997). E.coli O157:H7 is believed to 
adhere closely to mucosal cells of the large bowel, disrupting the brush 
border. This process alone may be sufficient to produce non-bloody 
diarrhea. Shigatoxins have both local and systemic effects on the intestine 
and are probably critical to the development of bloody diarrhea. 
Other factors thought to contribute to the virulence of E. coli 
O157:H7 include a virulence plasmid (pO157) which encodes a 
haemolysin that, in concert with specialized transport systems, may allow 
E. coli O157:H7 to use blood released into the intestine as a source of 
iron (Law and Kelly, 1995). 
Damage of the endothelial cells, mediated by shiga-toxins, may 
trigger platelet and fibrin deposition, leading to injury of passing 
erythrocytes (haemolysis) and occlusion of renal microvasculature (renal 
failure). Inflammatory cytokines and circulating bacterial 
lipopolysaccharide may play an important part in augmenting this 
process. Although the kidneys are preferentially involved, other organs 
including the brain may be affected, resulting in a wide range of 
complications (Moake, 1994; Thomas et al., 1996).  
Incubation period rages between 1-8 days. Most patients with 
hemorrhagic colitis recover spontaneously within 7 days (Riley et al., 
1983). 
1.7.4.2 Symptoms: 
The clinical manifestations of E. coli O157:H7 infection range 
from symptom free carriage to non-bloody diarrhea, hemorrhagic colitis, 
hemolytic uraemic syndrome, and death. The average interval between 
exposure and illness is three days. Illness typically begins with abdominal 
cramps and non-bloody diarrhea. Bowel movement may become bloody 
over the next 1-2 days, with the amount of blood varying from a few 
small streaks to stools that are almost entirely blood. Over 70% of 
patients report bloody diarrhea in most series, although lower frequencies 
have been reported in some outbreaks. Vomiting occurs in 30-60% of 
cases, and fever, usually low grade can be documented in only 30%. The 
absence of fever may lead clinicians to favour non-infectious diagnoses, 
or inflammatory bowel disease. Abdominal tenderness may be 
pronounced (Riley et al., 1983). 
The percentage of cases that progress to haemolytic uraemic 
syndrome (HUS) ranged from 3-7% in series of sporadic cases to about 
20% or more in some outbreaks. Haemolytic uraemic syndrome is 
typically diagnosed 6 days after the onset of diarrhea. Some patients have 
abnormal laboratory values, suggestive of an incomplete form of 
haemolytic syndrome. Among patients with HUS, about 3-5% dies 
acutely and a similar percentage develops end stage renal disease (Carter 
et al., 1987; Robson, 2000). 
1.7.5 Diagnosis: 
Symptoms are suggestive of the diseases. However, confirmatory 
diagnosis is based on isolation and identification of causative agent. 
MacConkey agar with sorbitol is the most common medium for the 
isolation of E.coli O157:H7. It is available from multiple commercial 
sources. This medium contains 1% sorbitol in place of lactose in the 
standard MacConkey medium. Sorbitol- MacConkey agar plates are 
inoculated with the fecal specimen and examined after 18- 24 hours of 
incubation at 37°C. E. coli O157:H7 can be identified by producing 
colorless, sorbitol negative colonies (March and Ratnam, 1986; 
Cheesbrogh, 1994).  
1.7.6 Treatment:                                                                                                                   
1.7.6.1 Dialysis /Hemofiltration: 
There are retrospective studies, which suggest that patient who 
received antibiotics may be at greater risk of developing hemolytic 
uraemic syndrome {HUS}. Current treatment regimens may include 
dialysis, hemofiltration, transfusion of packed erythrocytes, plate 
infusions and interventions as clinically indicated. Severe disease may 
require renal transplant (Siegler, 1995; Robson, 2000). 
1.7.6.2 Drug Resistance: 
Most strains tested during the early and mid-1980s were 
susceptible to ampicillin, trimethoprim-sulfamethoxazole, tetracycline 
and quinolones and resistant to erythromycin, metronidazole and 
vacomycin (Bopp et al., 1987). More recently, investigator have reported 
increasing rates of resistance to streptomycin, sulfisoxazole and 
tetracycline, possibly as a result of this organism in food animal that 
receive these antibiotics (Kim et al., 1994). 
1.7.6.3 Synsorb- PK: 
A promising therapy now being evaluated in clinical trails is 
Synrob- PK, which consist of a chemically synthesized analog of shiga-
toxin receptor Gb3 attached to chromosorb P (synsorb PK) as a specific 
absorbing agent if shiga-toxin1 and 2. This compound would be ingested 
by patients with bloody diarrhea in hope that it could absorb toxin from 
the intestine and prevent the development of haemolytic uraemic 
syndrome (HUS) (Takeda et al., 1999). 
1.7.6.4 Toxin Neutralizing Antibodies: 
Possible future treatments for E. coli O157:H7 infections include 
orally administered shiga-toxin binding resins and toxin-neutralizing 
antibodies. Natural infection with E. coli O157:H7 does not confer 
immunity and no human vaccine is currently available (Lissner et al., 
1996).  
1.7.7 Prevention: 
Consumers should be aware that microbiologic testing in meat 
processing plant cannot eliminate the risk for contamination of ground 
beef with E. coli O157:H7 and other pathogens. Consumers also can 
protect themselves by using safe preparation practices. Frozen ground 
beef should be thawed in the refrigerator rather than at room temperature. 
Ground beef should be cooked thoroughly too internal temperature of at 
least 160 degrees Fahrenheit (71 degrees Celsius). Using meat 
thermometers will help ensure that internal temperatures are high enough 
to kill bacteria. To reduce the risk for cross contamination, consumers 
should use soap and hot water to wash hands, utensils and other surfaces 
that might have come into contact with raw or under cooked ground beef 
and other meat product. Consumers should be aware of drinking any raw 
milk or untreated water (CDC report, 2002).  
Chapter II 
Materials and Methods 
 
2.1 Collection of Samples: 
Fifty water samples were collected from different sources in 
Omdurman during period between February and May 2005. Sources of 
samples were as follows. 
1. 10 samples from sellers (donkey man) in Alaameriah area. 
2. 10 samples from sellers (donkey man) in Souq Libya area. 
3. 10 samples from tap water of well origin. 
4. 10 samples from tap water of river origin. 
5. 10 samples from tap water of mixed origin (well and river). 
2.1.1 Collection of samples from tap: 
A volume of 250 ml water sample was collected in glass bottle. 
Collection was done as follows (WHO, 1996): 
1. The out side nozzle of the tap was cleaned carefully. 
2. The tap was turned on full, and the water was allowed to run to 
waste for one minutes. 
3. The sample bottle was filled from a gentle flow of water. 
4. Contamination was avoided by not allowing any surface to touch 
the screw thread of the bottle neck or the inside of the cap. 
5. The cap of the bottle was replaced.  
2.1. 2 Collection of samples from sellers:  
A volume of 250 ml water sample was collected in glass bottle 
directly from sellers. The samples bottles were filled gently avoiding any 
contamination as previously described. 
 
 
 2.2 Conventional bacteriological procedures: 
2.2.1 Culture media: 
2.2.1.1 MacConkey broth (purple) (Oxoid): 
Constituents of this medium include: 
Peptone 20 g 
Lactose 10 g  
Bile sale 5 g 
Na Cl  5 g 
Bromo – cresol blue  0.075 g 
 
pH = 7.4 
  
MacConkey broth (double strength) was prepared by dissolving 8g 
/100 ml distilled water by heating. The medium was distributed in 50 ml 
volumes into a screw capped bottle with Durham’s tube, and in 10 ml 
volumes into test tubes with Durham’s tubes. Media were then sterilized 
by autoclaving at 1210C for 15 minutes 
2.2.1.2 Brilliant Green Lactose bile (2%) Broth (BGLB) (Oxoid) : 
Peptone 10 g 
Lactose 10 g  
Ox - bile  20 g 
Brilliant green 0. 0133 g 
pH = 7.4 
  
Brilliant green lactose broth was prepared by dissolving 4 g / 100 
ml distilled water by heating. The medium was distributed in 10 ml 
volumes into test tube. Sterilization was carried out by autoclaving at 
1210C for 15 minutes. It was used as confirmatory media for multiple 
tube fermentation method. 
  
2.2.1.3 Eosin methylene blue (EMB) agar(Oxoid) : 
Peptone 12.5 g 
Lactose 10 g  
Di – potassium hydrogen phosphate  2 g 
Eosin yellow 0.4 g 
Methylene blue 0.1 g 
A gar 15 g 
pH = 7.4  
The medium was prepared by dissolving 4 g / 100 ml distilled 
water in flask by heating and then autoclaved at 1210C for 15 minutes. 
The medium was kept to cool to 450C and poured gently in 15ml amount 
into sterile Petri dish. The medium was used as confirmatory media to 
isolate coliforms. 
2.2.1.4 Sorbitol MacConkey   agar (SMAC): 
Peptone (oxoid l37) 20 g 
sorbitol 10 g  
Bile salts No .3 (oxoid l56)  1.5 g 
Nacl 5g 
Neutral red  0.03 g 
Crystal violet 0.001 g 
A gar No .3 (oxoid l13) 15 g 
pH = 7.1 
Sorbitol macConkey a gar was prepared by dissolving 56.5 g in 
one litre of distilled water by heating. The medium was then autoclaved 
at 1210C for 15 minutes. It was distributed in 15 ml volumes into sterile 
petri dish and kept at 40C till used. 
This media used to detect E.colia 0157:H7 which give colorless 
(sorbitol negative) colonies. 
 
 
2.2.1.5 Luria - Bertani (LB) medium:       
Tryptone 10 g 
Yeast extract  5 g  
Nacl  10 g 
This medium was prepared by dissolving 25 gram in one liter of 
distilled water by heating. The medium was distributed in 10 volumes 
into test tubes and autoclaved at 1210C for 15 minutes. 
The medium was kept at 40C and used for growing E .coli isolates 
which were used in DNA extraction steps. 
2.2.1.6 Peptone water: 
Peptone 2 g 
Nacl  19 g  
 
pH = 7.2 
The medium was prepared by dissolving 21g/liter of distilled 
water, and then the medium was distributed in 10 ml volume into test 
tubes and sterilized by autoclaving at1210C for15 minutes. The medium 
was kept at 40C and used for  indol test. 
2.2.2 Reagents: 
2.2.2.1 Kovac’s reagent: 
This reagent contains: 
Para dimethyl amino benz aldehyde  5 g 
Amyl  alcohol  75 ml  
Concentrated hydrochloric acid 25 ml 
The aldehyde was dissolved in alcohol by gentle warming in water 
bath (50 – 550C). It was then cooled and acid was added with care. This 
reagent was protected from light, stored at 4 0C and used for indol test. 
 
 
 
  
2.2.3 Cultivation of samples 
2.2.3.1 Multiple tube fermentation method: 
The method was used as described by WHO (1996) for treated 
water samples. For each sample, two sets of macConkey broth (double 
strength) medium were used. Each set comprised one bottle containing 50 
ml and 5 tubes contained 10ml each. The medium bottle was inoculated 
with 50 ml volume of water samples and the test tubes were inoculated 
each with 10 ml volume of water sample. One set of culture was 
incubated at 37oC for 24-48 hours (for the detection of total coliform) and 
the other was incubated at 44oC for 24-48 hours (for detection of 
thermotolerant coliform).  
Positive result was indicated by production of acid (change in 
color) and gas (collection of air bubble in Durham tube). The MPN was 
determined using the probabilty table (table 2.1) 
Table 2.1: Most probable number  for coliform in treated water (WHO, 1996). 
 
Volume of samples 
 
50 ml 
 
10 ml 
Number of bottles 
used 
 
1 (bottle) 
 
5 (tubes) 
 
MPN/100 ml 
0 0 0 
   
0 1 1 
 
Number  of  
Tubes giving 
Positive  0 2 2 
0 3 4 
0 4 5 
0 5 7 
1 0 2 
1 1 3 
1 2 6 
1 3 9 
1 4 16 
Reaction  
1 5 +18 
 
2.2.3.1.1 Confirmatory test: 
Any tube in presumptive test which gave a positive result was used 
to inoculate one tube from brilliant green lactose broth (BGLB). The 
tubes were incubated at 370C for total coliform bacteria and at 44.50C for 
thermotolerant coliform for 24 hours. After incubation the negative and 
the positive results (turbidity and gas production) were recorded.  
For any sample that gave positive result in presumptive test for 
thermotolerant coliform, Eosin methylene blue (EMB) agar was streaked, 
the media were then incubated at 370C for 24 hours. After incubation the 
result was recorded by observing the colonies characteristics. 
2.2.3.1.2 Indol test: 
It was used to confirm the presence of thermotolerant colifrms (E 
coli). Positive MPN tubes were used to inoculate peptone water which 
was incubated at 370C for 24 hours. 0.2 ml of kovac’s reagent was 
dropped a long the side of culture tubes to detect the production of indol ( 
formation of red ring at the surface). 
After confirmation the purified isolate of thermotolerant coliform 
(E.coli) were stored in slants at 40C. 
2.2.3.2 Detection of E. coli 0157: H 7: 
Sorbitol macConkey agar (SMAC) was streaked with E. coli 
isolates, which were detected with MPN method, to detect the serotype 
0157: H 7. The culture was then incubated at 37 0C for 18 – 24 hours. 
Appearance of colorless (sorbitol negative) colonies were recorded as 
strain 0157: H 7. 
 
 
 
 
 
2.3 Polymerase chain reaction: 
2.3.1 DNA Extraction: 
 DNA of E.coli isolates was extracted as described by Delabre et al. 
(1998). 
2.3.1.1  Materials: 
- Chelex 20% (app.6.1). 
- Proteinase k (app.6.2). 
- Centrifuge  (Eppendorf centrifuge 5415D, Baujahr, Germany) 
- Heating block (TB1 Thermoblock, Biometra, Germany). 
 
2.3.1.2 Method: 
Each E. coli isolate was grown in Luria – Bertani (LB) broth tubes 
at 370C overnight. Cells were then harvested by centrifugation at 8000 g 
for 10 minutes. The supernatant was discarded and the pellets were 
resuspended in 700 µl of apyrogenic water. The bacterial suspension was 
mixed with 200 µl chelex – 100 (20%) and 9 µl proteinase k (10 mg / µl) 
(Boehringer) using vortex. The mixture was incubated at 560C for 30 
minutes, and then at 950C for 10 minutes using heating block. Samples 
were then centrifuged at 700g for 8 minutes and the supernatant was used 
for PCR amplification. 
 
2.3.2 Amplification of DNA:  
2.3.2.1   Materials: 
-  Primers and PCR kits: 
Primers (table 2.2) were  purchased as PCR tubes containing 45 µl  
master  mix  including  1 × PCR  buffer  , Mg Cl2 , oligonucleotide  
primer set , nucleotide mix  (dATP ,  dCTP , dGTP ,dTTP) , water (VITA 
– TECHTM  Canada Inc). 
Table 2.2: Sequence of the oligonucleotide primers, targets 
and expected PCR product  size : 
 
Primer  Sequence '5 - 3' Product 
size (bp) 
Amplification 
target 
stx- F GGCACTGTCTGAAACTGCTCC 320 bp stx gene 
stx – R TCGCCAGTTATCTGACATTCTG 320bp stx gene 
 
-    Taq DNA polymerase (app.6.3). 
-    Thermo-cycler (TP3 thermo–cycler, Biometra, Goettingen , 
Germany). 
-   Positive control: Positive control for PCR was purchased  as PCR 
tubes containing 45 µl master mix (Ix PCR buffer , Mg Cl2 , 
oligonucleotide primer set  , nucleotides mix , water plus 5 µl E.coli : 
0157 : H 7 control DNA ) (VITA – TECHTM Canada Inc.) . 
2.3.2.2 Method: 
The method was used according to manufacture instruction.  
Primers used in this study were designed to amplify shiga – like toxin 
gene (both stx1 and stx2). Amplification  was performed in final volume 
of  50 µl  containing 2 units (0.4µl) of taq DNA polymerase and master 
mix (45µl) and 5µl DNA samples mixture.   
As positive control, 0.4 µl (2 unit) of taq polymerase was added to 
PCR tube containing 45 µl  of master  mix and 5µl of E. coli 0157 : H 7 
control DNA and labeled  as positive control. 
As negative control 0.4 µl of taq DNA polymerase added to PCR 
reaction tube containing 45 µl of master mix and 5µl elution buffer and 
labeled as negative control. 
The amplification was carried out consisting of a 5min thermal 
delay step at 94 0C followed by 35 cycles comprising 30s denaturation at 
940C, 45s annealing step at 590C, 45s elongation step at 720C, and a final 
5 minutes elongation step  at 720C.  
2.3.3 Analysis of PCR product: 
2.3.3.1 Materials : 
-      Agarose 2% (app.6.4).  
-      DNA tracking (Loading Dye) (app.6.5).  
-      Ethidium bromide (app.6.6).   
-      Running buffer (TAE buffer) (app.6.7). 
- Standard DNA molecular weight marker (ladder) (app.6.8). 
-      Mini Gel electrophoresis (BIOMETRA).  
-  Standard power pack (p25 (BIOMETRA). 
 -   Gel documentation system (BIODOC ANALAYZ gel documentation 
system (BIOMETRA, Goettingen, Germany). 
 
2.3.3.2 Method: 
The PCR products (amplicons) were separated electrophoritically 
in 2% agarose gel containing ethidium bromide (1 µl / 40 ml agarose). 
10µl 100 bp DNA ladder were loaded in the first slot of gel. In the second 
and third slots,  the 10 µl from positive and negative controls were loaded 
respectively  after addition to 5µl of loading dye. Then 10 µl of PCR 
product were mixed with 5µl of loading dye and loaded on the wells. 
Electrophoresis was performed in mini Gel electrophoresis, using 
the 75 volt for 45 minutes after the gel was covered with TAE buffer 
using standard power pack. DNA bands were visualized using the gel 
documentation system. 
Chapter III 
Results 
 
3.1 MPN for total coliform and thermotolerant coliform: 
 
A total 50 samples of water were collected from a wide variety of 
sources in Omdurman. Samples were divided into five groups. 10 from 
sellers (Donkey Man ) in Al ameriah, 10 from sellers (donkey Man) in 
Souq Libya, 10 from tap of well origin, 10 from tap of river origin, 10 
from tap of mixed origin (river and wells). 
All samples were investigated by the most probable number (MPN) 
for total and thermotolerant coliforms at 37oC and 44.5oC respectively. 
Positive results were further confirmed by subculture into brilliant green 
broth and indol test. Thermotolerant coliform (E. coli) was subcultured in 
Eosin methylene blue agar (EMB). 
In general, total coliform were detected in 33 water samples (66%) 
and the thermotolerant coliform were detected in 23 water samples 
(46%). 
Table (3.1) shows results of samples from sellers (donkey man) in 
Alaameriah. Eight samples gave positive for total coliform at 37 oC   and 
six samples gave positive results for thermotolerant coliform (E.coli) at 
44.5oC by MPN. 30% and 20% of samples gave respectively total 
coliform and thermotolerant coliform of more than 18 MPN/100ml. 
 
The results of samples from sellers (donkey man) in Souq Libya 
shown in table (3.2) . Seven samples were gave positive for total coliform 
at 37 oC and five samples gave positive results for thermotolerant 
coliform (E.coli) at 44.5oC by MPN.  50% of samples gave total coliform 
and thermotolerant coliform of more than 18 MPN/100ml. 
  
Table (3.3) shows the results of samples from well origin. Five and 
three samples were gave positive for total coliform and thermotolerant 
coliform (E.coli) respectively by MPN. 30% and 20% of samples gave 
respectively total coliform and thermotolerant coliform of more than 18 
MPN/100ml.  
 
Table (3.4) shows the results of samples from river origin. Six 
samples were gave positive for total coliform at 37 oC and five samples 
gave positive results for thermotolerant coliform (E.coli) at 44.5oC by 
MPN. 20% and 30% of samples gave respectively total coliform and 
thermotolerant coliform of more than 18 MPN/100ml.  
 
The results of samples from mixed origin shown in table (3.5). 
Seven sample were gave positive for total coliform at 37 oC and four 
samples gave positive results for thermotolerant coliform (E.coli) at 
44.5oC by MPN. 10% and 30% of samples gave respectively total 
coliform and thermotolerant coliform more than 18 MPN/100ml. 
 
 
 
 
 
 
 
 
 
  
 
 Table 3.1: MPN for total coliform and thermotolerant coliform in 
drinking water samples from sellers (donkey man) in Alaameriah, 
Omdurman. 
 
 
 
 
 
 
 
 
Number of 
Sample 
MPN/100ml 
 
Total coliform 
37oC 
Thermotolerant 
coliform 
44.5oC 
Sa 1 6 6 
Sa 2 9 6 
Sa 3 0 0 
Sa 4 18+ 18+ 
Sa 5 3 0 
Sa 6 18+ 16 
Sa 7 18+ 18+ 
Sa 8 6 0 
Sa 9 16 6 
Sa 10 0 0 
  
 
 
Table 3.2: MPN for total coliform and thermotolerant coliform in 
drinking water samples from sellers (donkey man) in Souq Libya, 
Omdurman. 
 
 
Number of 
 Sample 
 
MPN/100ml 
 
Total coliform 
37oC 
Thermotolerant 
coliform 
44.5oC 
Sb 1 6 0 
Sb 2 18+ 18+ 
Sb3 0 0 
Sb 4 18+ 18+ 
Sb 5 0 0 
Sb 6 18+ 18+ 
Sb 7 18+ 18+ 
Sb 8 3 0 
Sb 9 0 0 
Sb 10 18+ 18+ 
 
 
 
  
 
Table 3.3: MPN for total coliform and thermotolerant coliform in 
drinking water samples from well origin, Omdurman. 
 
 
Number of 
Sample 
 
MPN/100ml 
 
Total coliform 
37oC 
Thermotolerant 
coliform 
44.5oC 
Sc 1 18+ 18+ 
Sc 2 0 0 
Sc3 0 0 
Sc 4 0 0 
Sc 5 18+ 9 
Sc 6 9 0 
Sc 7 18+ 0 
Sc 8 0 0 
Sc 9 6 18+ 
Sc 10 0 0 
 
 
 
 
  
 
 
Table 3.4: MPN for total coliform and thermotolerant coliform in 
drinking water samples from river origin, Omdurman. 
 
 
Number of 
Sample 
 
MPN/100ml 
 
Total coliform 
37oC 
Thermotolerant 
coliform 
44.5oC 
Sd 1 1 9 
Sd 2 0 0 
Sd3 16 0 
Sd 4 18+ 18+ 
Sd 5 0 0 
Sd 6 0 0 
Sd 7 16 9 
Sd 8 18+ 18+ 
Sd 9 0 0 
Sd 10 6 18+ 
 
 
  
 
 
 
Table 3.5: MPN for total coliform and thermotolerant coliform in 
drinking water samples from mixed origin, Omdurman. 
 
 
 
 
 
Number of 
Sample 
 
MPN/100ml 
 
Total coliform 
37°C 
 
Thermotolerant 
coliform 
44.5oC 
Se 1 9 18+ 
Se 2 16 0 
Se3 0 0 
Se 4 16 0 
Se 5 18+ 18+ 
Se 6 0 0 
Se 7 16 16 
Se 8 16 18+ 
Se 9 9 0 
Se 10 0 0 
  
 
 
 
 
 
 
Figure (3.1):  
Multiple tube fermentation test: Positive growth in the bottle shows 
production of acid and gas. 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
Figure (3.2): 
Growth of coliforms in brilliant green lactose broth:  right tube shows 
production of turbidity and gas, left tube shows no growth. 
 
 
 
  
 
 
 
 
 
 
3.2 Detection of E. coli O157:H7. 
3.2.1 Biochemical method: 
 
Twenty three isolates of E. coli were streaked on sorbitol 
macConkey agar (SMAC) for the detection of strain O157:H7. 
Only 2 isolates (Sa 7, Sb 2) were identified as E. coli O157:H7 
which grew on the medium showing colorless (sorbitol negative) 
colonies. 
 
3.2.2 Polymerase Chain Reaction with stx primers: 
 
DNA from 23 E.coli isolates was investigated by PCR using stx 
gene primer. 
Results are shown in (fig.3.3). 4 isolates (Sa 7, Sb 2, Sb 10, Se 7) 
were identified as E. coli O157:H7. Strong bands were detected in the 
ethidium bromide gel that corresponds exactly to expected DNA band 
size of the positive control (320 bp). 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Figure (3.3): 
Ethidiun bromide stained agorase gel (2%). PCR was carried out 
by using stx primers. Lane M: 100 bp ladder, lane 1: control positive, lane 
← 320pb
2: control negative, lane 3: Sa7, lane 4: Sb2, lane 5: Sb10, lane 6: Se7, 
lane 7: Sa3, lane 8: Se1. 
 
 
 
 
 
 
 
 
 
Chapter IV  
Discussion  
 
Water can be considered as food stuff which is consumed in 
greatest quantity around the world. Therefore, it comes as no surprise that 
the health risks associated with consumption of contaminated water are of 
great importance. 
In this study, bacteriological analysis of drinking water in 
Omdurman was carried out using MPN method. General results showed 
that 66% of samples were contaminated with total coliform while 
46%were contaminated with thermotolerant coliform (E.coli). The results 
were different from that obtained by Aliaa (2005) who found that 74% of 
samples were positive for total coliform and 28% were positive for 
thermotolerant coliform. 
The highest numbers of coliforms were detected in samples from 
sellers (donkey men’s in Alaamerih). This could be due to the fact that 
seller men are usually simple people who lack the basic knowledge for 
cleaning properly their tanks. In addition they use always open dirty 
plastic containers for distribution of water without paying attention to the 
basic hygienic measures. 
Comparing samples from different water sources (tap water from 
river, well or mixed sources), the lowest numbers of coliforms were 
detected in tap water samples of well origin. This could be explained by 
the fact that deep-well water usually contains few microorganisms 
because microbes are filtered out as the water trickles through the layer of 
earth (smith, 1981). 
The presence of coliforms in a water samples indicates either that 
water was contaminated with human and animal wastes or contamination 
was acquired through these simple sellers during handling. In all cases, 
the results showed that water may not be properly treated with suitable 
chemicals (e.g.: chlorine) using the suitable concentration. The 
consumption of such poor quality water may expose the publics to many 
dangerous diseases. Similar explanations were reported by Champan, 
(1992) and Osman, (2001). 
Escherichia coli 0157:H7 was detected among thermotolerant 
coliform isolated in this study. This finding represents another public 
health problem. Strain O157:H7 has been implicated in many outbreaks 
world wide due to ingestion of water, meat and uncooked fruits and 
vegetables. It is the most common strain of shiga toxin – producing E. 
coli. It associates clinically with a wide range of presentation extending 
from a symptomatic infection to severe bloody diarrhoea or haemorrhagic 
colitis, which can lead to life-threatening sequelae like haemolytic 
uraemic syndrome. Diseases caused by E. coli 0157:H7 has been 
regarded by WHO (1998) as a major public health problem.  
Conventional (culture) and advanced (PCR) methods were used to 
identify E. coli strain O157:H7. Twenty three isolates of E. coli were 
investigated. Two isolates were identified as strain O157:H7 (Sa7, Sb2) 
using conventional methods and four isolates (Sa7, Sb2, Sb10, Se7) were 
identified as O157:H7 strain using PCR (stx gene primer). The study 
represents the first report of detecting E. coli O157:H7 in water using 
PCR techniques in the Sudan. 
Most O157:H7 strains were detected in water from sellers (donkey 
men). The finding represents additional prove that water from sellers may 
play an important role in the transmission of water borne illness.  
Results concerning the detection of strain O157:H7 indicate that 
PCR was more sensitive for the detection of strain O157:H7 (17.4% of 
E.coli isolates) than the culture based method (8.7%of E.coli isolates). 
This finding was inagreement with that of Rigsbee et al. (1997), Wang 
and Doyle (1998), Vaughan et al. (2003)  
In contrast to culture – based methods PCR methods may detect 
cells that are non-culturable. Detection of E. coli 0157:H7 by PCR does 
not necessarily indicate that a sample has live, infectious bacteria because 
dead cell or free DNA would also be detected, such false-positive would 
be expected in any PCR assay. In contrast, culture-based methods may 
result in false-negative as E. coli 0157:H7 has been reported to enter        
a viable, non-culturable state under environmental conditions.  
Viable, non-culturable E. coli 0157:H7, which may be potentially 
infectious, would not be detected by culture methods but would be 
detected by PCR. The ability of PCR to detect dead cell or free DNA 
could be advantageous for some purposes for example, PCR could be 
useful in tracing the source of an outbreak to identify the E. coli 0157:H7 
in a sample regardless of whether it still contains culturable or viable 
cells. 
This study showed that the culture-based methods are slow and 
labour intensive. They are not ideal for the analysis of large number of 
samples that would be tested when possible environmental sources of an 
outbreak are being investigated.  
 
In summary, PCR assay is applicable for the detection of E. coli 
0157:H7 in environmental and other samples. The Method can also be 
used for the detection of this pathogen in other samples consumed by 
man. 
 
 
 
 
 
 
 
Conclusion 
Total- and thermotolerant-coliforms were detected in 66%and 46% 
of water samples investigated in this study respectively. E. coli strain 
0157:H7 was detected among E. coli isolates in the study.  PCR was 
found more sensitive than culture based methods in the identification of 
this strain. 
Recommendation 
1. Routine and periodic investigation of drinking water by health 
authorities for faecal contamination is important. Production 
and distribution of drinking water should be monitored by 
health authority in the state. 
2. The use of PCR techniques for the detection of thermotolerant 
coliforms especially E. coli0157:H7 will save time and 
provide more sensitivity than culture-based methods. 
3. Further studies should be carried out to investigate other 
possible sources of Escherichia coli O157:H7 and to link 
these sources with possible epidemics in human in Khartoum 
state. 
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Appendix 
 
6.1   Chelex 20%:   
Chelex – 100 (Biorad) 20 g 
Double distilled water (DDW) 100 ml  
Ingredients were mixed by well shaking and stored at room temperature. 
 
6.2 Proteinase k: 
(10 mg / µl) (Boehringer). 
 
6.3 Taq polymerase 
(5 units / µl) (Cinnagen INC., Iran). 
 
6.4 Agarose 2%: 
2 g of agarose (SIGMA) was dissolved in100 ml TAE buffer and 
heated in microwave for 45 seconds, left to cool and poured into 
electrophoresis chamber. 
 
 
6.5 DNA tracking (Loading Dye): 
Bromo phenol blue  11% 
Glycerol  40 µl 
DDW 50 µl 
 
6.6 Ethidium bromide: 
Stock solution (PROMEGA, MADISON) 10 mg / ml and protected 
from light. 
 
 
 
6.7 Running buffer (TAE buffer): 
40 in M Tris – Hcl (PH 8.0)  40 ml  
20 in M sodium acetate  20 ml  
EDTA powder (292 – 25 MW) 5845ml 
 Complete to one liter. 
  
6.8 Standard DNA molecular weight maker (Ladder): 
100 base pair ladder (INVITROGEN) (10 mg / ml ) 20 ml  
Blue dye 80ml  
  
  
 
 
 
 
   
 
 
        
   
           
            
           
 
 
 
 
